Heterogeneous distribution of axonal cytoskeleton proteins in the human optic nerve.
Cytoskeleton proteins play a critical role in maintaining retinal ganglion cell structure, viability, and function. This study documents the distribution of cytoskeleton protein subunits in the various regions of the normal human optic nerve and identifies important relationships among mitochondria, myelin, and neurofilament proteins. Twenty-three optic nerves from human cadavers were used. Confocal microscopy was used to examine the distribution of neurofilament light, neurofilament medium, neurofilament heavy (phosphorylated and unphosphorylated), neurofilament heavy (phosphorylated only), actin, and microtubule associated protein (MAP)-1 along the sagittal plane of the optic nerve. Comparisons were made among superior, middle, and inferior regions and also among temporal, central, and nasal portions of the optic nerve. Colocalization of neurofilament light, mitochondrial cytochrome c oxidase (COX), and myelin was also performed. There are significant differences in the pattern and distribution of neurofilament protein subunits, actin, and MAP-1 along the sagittal plane of the optic nerve. Cytoskeleton proteins and COX mitochondria are found in highest concentrations in the prelaminar and lamina cribrosa regions. COX and neurofilament light occurs predominantly in unmyelinated nerve, with a significant decrease in concentration occurring on optic nerve myelination. The heterogeneous distribution of cytoskeleton proteins along the sagittal plane may be an important functional adaptation that reflects the nonuniform nature of the physiological and structural environment of the optic nerve. The heterogeneous distribution of cytoskeleton proteins may also partly account for the asymmetric pattern of optic nerve damage after intraocular pressure elevation.